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Assurance of physical equivalence (size,
charge, concentration, aggregation,

Interactions) of complex nanomedicine
substances
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Context:

—

« Nanomedicine regulation
 Nanoparticle based delivery of generics
 Nanomilled APIs
e Vaccines

* Innovation will provide medical and cost
benefits, better ways of using existing
drugs

o Safety and certainty are still required
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Rapid development and use of
complex nanomedicine products

e From thelab | » To Market e To Generic
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Importance of the physiochemical

properties of drug delivery particles

Nasal
larynx

Circulation

Blood-brain
barrier

Aveolus

Concentration

EPR effect

Kidney

Endocytosis

Need for accurate and sensitive analysis techniques
that measure the properties of each particle in physiological conditions

e Drug delivery dosage
« Disease stage/progression
o Toxicity
Size
e Localized accumulation

Nasal, liver, kidneys, EPR effect, blood-
brain barrier,

« Effluent pathway
o Toxicity

Surface Charge (£-potential)
. Endocytic mediated pathway
. Toxicity



Proposal:
—

Demonstrate physical equivalence by accurate, precise and
repeatable suite of particle measurements

“Particle fingerprinting” (previous speaker’s proposal)

This would replace present method of requiring no change
to manufacturing process, which is not practical in scale up
situations

Needs to be practical and cost effective
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Long established techniques have
insufficient resolution for nanomedicines
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Dynamic Light Scattering is
the most common particle
analysis technique but lacks
resolution and repeatability

Particle-by-particle “number-
based” distributions can now
provide a more realistic and
accurate measure of particle
size distribution

New techniques offer
solutions but need FDA

support .
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TRPS vs DLS vs EM of complex
particles: Carbon Nanohorns
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Possible Suite of Measurements:
—

Particle number (concentration)

Accurate, calibrated size distribution based on particle by
particle analysis

Particle by particle surface charge (charge affects
behaviour as much as size)

Particle interactions, including aggregation and

biomolecule interaction
1ZQN




Nanomedicine examples

—
 Liposomes,eqg Doxll

« Emulsions

 Bioparticles

e Virus like particles (VLPS)
 Polymer capsules

NP based vaccines

* Virus based vaccines




TRPS — Single Particle Analysis

When a particle enters the pore it blocks a proportion of the ions
flowing through the pore —this causes a pulse in the ionic current the
maghnitude and duration of the pulse is proportional to the particle size
and velocity, respectively.

lonic current pulse

Upper well

Cross-section
of nanopore

Lower well

Particle-by-particle measurements provide
high resolution analysis




TRPS Principles
—
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Assurance through calibration
—

Standard




Particle Rate « Concentration
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Size-specific concentration

Measuring the properties of each particle and their concentration enables
the deliverable liposome volume fraction “dosage” to be calculated
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Concentration {particles/mL)

TRPS Size Analysis for

Optimizing Liposome Synthesis
—
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High resolution means
confidence and
precision in tailoring
the size of all the
liposomes in solution.
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% Population (by count)

Caelyx vs a generic
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Concentration (particles/mL)

TRPS Size Analysis for

Monitoring Liposome Stability
—
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High resolution means
confidence in
understanding the
affects of treatment
and storage
conditions of long-
term stability of
liposome solutions.

Field based
measurement may be
required
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Using lzon instruments to
measure particle charge

- » Particle velocity through
‘ the pore is due to:

Fluid Velocity (convection)
Directionally dependent and
proportional to the applied pressure.

Electrophoretic Mobility
Proportional to particle charge

(C-potential) and applied voltage.

Proportional to pore charge
(C-potential) and applied voltage.
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Presenter
Presentation Notes
Particle velocity is dependent on 3 forces acting on the particle: Fluid – from applied pressure, Particle Electrophoretic Mobility – from applied voltage and particle charge (zeta-potential), and Electro-osmosis – from applied voltage and membrane charge

Knowing how these forces act on the particle enables calculation of individual particle zeta-potentials


High Resolution Particle-by-Particle
Size & Charge Analysis
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Represents a new way
and ability to
characterize and
understand particles

Each dot represents a

" single particle and

histograms illustrate

. | the distribution
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Presenter
Presentation Notes
Example of high resolution, particle-by-particle, simultaneous size and zeta-potential calculation of particles – shows the ability to differentiate, and characterize the distribution, of complex systems both on their size and charge.


Size & Charge Analysis of Liposomes

—

Modifying the surface of liposomes is used to improve their
circulation lifetime (e.g. PEGylation) and their specific cellular
targeting (e.g. antibodies). These surface features can give rise to a

change in the liposome size and charge.
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Presenter
Presentation Notes
This may be interesting to monitor the following.
Ligand (e.g. aptamer or antibody attachment) this changes both size and charge of the carrier particle –Roberts Small  and Platt Small  papers
Chemical modification of surfaces – e.g. PEGylation of liposomes – see our white paper where PEG gives rise to more negative charge. The distribution can be used to define how even the modification has occurred
Layer-by-layer polyelectrolite particles – they use these for drug delivery and use zeta-potnetial to characterise the addition of each layer


lnl.lll

Particle-by-Particle Size & Charge Analysis
of PEGylated & ‘normal’ Liposomes

e m- 1 PEGylation — replacing a
ER phosphocholine lipid with a
-E; 1-2*“’:‘: glycolated phospholipid -
gives rise to a
§ negative charge.
2 F 2 bttt AL The degree of liposome
r— ) ] PEGylation can be
? s ' x 1 monitored from the
‘E “ 1 corresponding negative
" shift and distribution in
%~ i A 1 particle zeta-potential.
f XN Z =
o iZON




Analysis for nanomedicine regulation

—
 Need for particle by particle sensitive

analysis which is accurate, reliable,
repeatable and validated

e Size, charge, concentration, interactions

* Leverage current nanotechnology
development to improve regulatory
outcome and confidence
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Analysis for nanomedicine regulation

—
e Comprehensive high resolution analysis to

characterize a wide range of nanoparticle

systems and individual particle properties

e Benefits in assurance for FDA

 Benefits in assurance, practicality and cost

savings for industry
iZON




Next Step:

—
e Form project consortium for pilot scheme

e Input from:
— FDA, EMA
— Measurement institutes — NIST, NCL, NPL (UK)
— Nanomedicine companies (4 identified)
—lzon

iZON
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Thank You
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	Assurance of physical equivalence (size, charge, concentration, aggregation, interactions) of complex nanomedicine substances
	Context:
	Rapid development and use of complex nanomedicine products
	Importance of the physiochemical properties of drug delivery particles
	Proposal:
	Long established techniques have insufficient resolution for nanomedicines
	TRPS vs DLS vs EM of complex particles: Carbon Nanohorns
	Possible Suite of Measurements:
	Nanomedicine examples
	TRPS – Single Particle Analysis
	Slide Number 11
	Assurance through calibration
	Particle Rate ∝ Concentration�
	Size-specific concentration
	TRPS Size Analysis for Optimizing Liposome Synthesis
	Caelyx vs a generic
	TRPS Size Analysis for �Monitoring Liposome Stability
	Using Izon instruments to measure particle charge 
	High Resolution Particle-by-Particle Size & Charge Analysis
	Size & Charge Analysis of Liposomes
	Particle-by-Particle Size & Charge Analysis of PEGylated & ‘normal’ Liposomes 
	Analysis for nanomedicine regulation
	Analysis for nanomedicine regulation
	Next Step:
	Thank You

